Growth differentiation factor-15 (GDF-15), a divergent and distant member of the 36 transforming growth factor-β superfamily, is suggested as a risk factor for 37 cardiovascular diseases. Thus, we are interested to investigate the influence of GDF-38 15 in lipid homeostasis and autophagy in macrophages (MΦ) during foam cell 39 formation. Our investigations represent the impairment of GDF-15 on modulators of 40 autophagy and lipid homeostasis in PMA-differentiated human THP-1 MΦ. In this 41 context, in vitro resulted GDF-15 silencing in a reduction of lipid accumulation, whereas 42 the addition of recombinant (r)GDF-15 increased the lipid accumulation in human MΦ 43 independent of oxidized (ox)LDL. Additionally, GDF-15 affected the expression of 44 autophagy-relevant proteins (p62, Atg5 and Atg12/Atg5 protein complex) and the p62 45 accumulation in THP-1 MΦ. Hence, our data suggest that GDF-15 is involved in the 46 regulation of the lipid homoeostasis of human MΦ by regulating autophagic processes. 47 48
associated with disease states such as tissue hypoxia, inflammation, acute injury and 90 oxidative stress (Unsicker et al, 2013) . Therefore, it is noteworthy to mention that 91 recent and older studies have shown that healthy women with higher serum levels are at increased risk of having cardiovascular events ( 2016), which in general is an evolutionarily conserved mechanism and is important for 104 numerous physiological and pathological processes (Mizushima et al, 2011) . Of note, 105 clinical studies have shown a co-localization of autophagy-related proteins with MΦ in 106 atherosclerotic plaques (Razani et al, 2012; Zhou et al, 2016) . Nevertheless, the role 107 of autophagy in development and progression of atherosclerosis seems to be complex. 108
It is fact, that in advanced stages of atherosclerosis, autophagy is impaired (Razani et 109 al, 2012) . In this context, animal experiments using mice with MΦ-specific deletion of 110 autophagy gene Atg5 have recently shown that these mice developed plaques with 111 increased apoptosis, as well as oxidative stress and exhibited enhanced plaque 112 necrosis (Liao et al, 2012) . 
Impairment of oxLDL on GDF-15 expression in human THP-1 MΦ 123
To investigate the effects of GDF-15 on autophagic processes and lipid accumulation, 124 we added recombinant (r)GDF-15 or transiently silenced GDF-15 expression in PMA-125 differentiated human THP-1 MФ (siGDF-15-MФ) respectively ( Fig 1) . As negative 126 control, we used a non-silencing siRNA (nsiGDF-15) without homology on any known 127 mammalian gene. rGDF-15 resulted in an increase of cellular GDF-15 from 36.9 ± 6.5 128 pg/µg protein to 58.2 ± 9.5 pg/µg protein (p=0.09 vs. medium control) using 1.0 µg/ml 129 rGDF-15 or 65.3 ± 10.1 pg/µg protein (p=0.03 vs. medium control) using 1.5 µg/ml 130 rGDF-15 ( Fig. 1A) . The transient transfection achieved a significant (p<0.03 vs. 131 nsiGDF-15) knock-down of GDF-15, i.e. GDF-15 mRNA level decreased from 100 % 132 to 25 % ± 1.7 % (-75 %; p=0.029) ( Fig 1B) and protein level decreased from 44.2 ± 9.0 133 pg/µg protein to 20.9 ± 1.9 pg/µg protein (-53 %; p=0.026) compared with control 134 (nsiGDF-15) ( Fig 1C) . Additionally, exposure of nsiGDF-15 MФ to 50 µg/ml oxLDL for 135 4h resulted in a 37 % ± 12 % (p<0.001) higher GDF-15 mRNA expression in 136 5 comparison with medium control ( Fig 1B) , whereas this significant oxLDL-induced 137 increase in GDF-15 mRNA level was not seen in siGDF-15 MФ in comparison with 138 siGDF-15 MФ cultured in medium alone ( Fig 1B) . However, the exposure (4h) of THP-139 1 MΦ, siGDF-15-or nsiGDF-15 MΦ to 50 µg/ml oxLDL had no effect on the GDF-15 140 protein level (Fig 1A, C) . Treatment of THP-1 MΦ with oxLDL or rGDF-15 for 4h did not affect the ATG5 and 169 ATG12/ATG5-complex protein (Fig 3A, B) . Amazingly the co-incubation of THP-1 MΦ 170 6 with oxLDL/rGDF-15 (4h) showed a significant (p≤0.04) increase (1.0 µg/ml rGDF-15: 171 49 %; 1.5 µg/ml rGDF-15: 47 %) of ATG5 protein level ( Fig 3A) compared to rGDF-15-172 treatment alone. In context, ATG12/ATG5 protein complex increased (1.0 µg/ml rGDF-173 15: 107 %; 1.5 µg/ml rGDF-15: 141 %; p≤0.03) significantly by co-incubation of THP-1 174 MΦ with oxLDL/rGDF-15 (4h) compared to rGDF-15-treated MΦ ( Fig 3B) . [p=0.03]) ( Fig 4A, B ). 1.5 µg/ml rGDF-15 co-incubated with oxLDL further amplified the 183 significant increase of p62-protein about 66 % (p<0.05) compared to oxLDL treatment 184 ( Fig 4A) . In this context, without oxLDL siGDF-15 THP-1 MΦ showed a significant 185 (p<0.05) -33 % reduced p62-protein level compared to nsiGDF-15 THP-1 MΦ ( Fig 4B) . 186
In addition to our western blot data, we immunocytochemically investigated the 187 intracellular p62 localization in THP-1 MΦ using confocal laser scanning microscopy. 188
We noted that endogenously expressed p62 was present in numerous round bodies 189 in atherosclerotic lesions may be more significant than that in circulation (Chen et al, 218
2018). In relation to this, it has been shown that lifetime lack of GDF-15 considerably 219 inhibits lumen stenosis due to less inflammation in the plaques (Bonaterra et al, 2012) . 220
On the other side, it has been suggested that atherosclerotic lesions produce GDF-15 221 in an attempt to limit or repair the lesions and thus, when being overexpressed, GDF- it is a fact that mice with macrophages-specific deletion of autophagy-relevant Atg5, 275 developed plaques with increased apoptosis and oxidative stress and exhibited 276 enhanced plaque necrosis (Liao et al, 2012) . 277
The present data show that GDF-15 plays an important role during cytoprotective 278 autophagy. Cytoprotective autophagy would constitute an initial barrier against 279 apoptosis when stress, e.g. oxidative stress, intensity is low (Marino et al, 2014) . As The human leukemic monocyte cell line THP-1 (Leibniz Institute DSMZ, Braunschweig, 308
Germany) was used. Originally, the culture was derived from the blood of a one-year 309 old boy with acute monocytic leukemia and is frequently used as a model of 310 monocyte/MΦ cell lineage (Tsuchiya et al, 1980) . THP-1 cells were cultured in RPMI-311 1640 medium (Capricorn Scientific GmbH, Ebsdorfergrund, Germany) supplemented 312 with penicillin and streptomycin (Capricorn Scientific GmbH,) and 10% fetal bovine 313 serum (Capricorn Scientific GmbH,). Cells were cultured at 37°C in a 5% C02 314 environment with a medium change every 2-3 days. All experiments were performed 315 using cells at passage 9 and lower. RPMI 1640 medium supplemented with 100 nM 316
Phorbol 12-mystriate 13-acetate [PMA, (Sigma-Aldrich Chemie GmbH Munich, 317
Germany)] was used (72h) to THP-1 cells to induce monocyte differentiation into MΦ. Cells were fixed with ice-cold methanol and permeabilized with 0.1% Triton-X 100 in 395 PBS. Thereafter, the detergent was removed by repeated washing in PBS. Primary 396 antibodies (Appendix Table S1 ) were applied in PBS overnight (4°C). After incubation 397 with secondary antibodies (Appendix Table S1 ) and subsequent staining with DAPI, 398 we covered the cells with Immu-Mount™ (Thermo Electron Corporation; Pittsburgh; 399 USA). Images were taken by confocal laser-scanning-microscope Eclipse Ti-E, (Nikon 400 GmbH, Düsseldorf, Germany). 401 402
Statistical analyses 403
Statistical analyses were performed using SigmaPlot 12 (Systat Software Inc., USA). 
